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M»-fii5tffiriiH4:SrWt-&DNAfil??i|Sr^;^, BgDNA 

^i<t i^ -'^izm^mT^i-z ^ t Kit) , ^Fwrnti- 
s r t !^sc t -I- 5 m^m 2 {jiajifecr,^ ^» -„ 

© & S i Sr 1 1- 5 IS:S« 1 3 © i, > 

t: ■ 

^ r ^r> S c: ir 4r*!f m i: 1- 8 lcffi«.©iii|Bte„ 

US. 

'f";^i>Axsfeisa*|£ (YAC) '4^'^'-. 

I8B«^14J ^DNAfii^'iJdi, t h^CS^'ap^y y 



> h . '>;:t < i 1 1 o»jg)is ( J ) mmm{ii^±^>^ y 

VStXf^pfK, 1 1) 1 o©/f;^ (c) «ji!juSC-r-ir^^ > 
K Ki>mfii5 (V) ittVf-t^y vKSt;?i$j* 

~ J; 5 \zmi99 c: i ;JJt# 5 tOT&S r 

^';>iifi7f^(0'»5:<itioo5#fij«: (D) ffijgtis 
e7-tr^^p«;^h?Sr^;5i^ gfeMTSfas (V) mm-ti^/y 

>^ (D) m^i&Gi±^/yh&xmm (j) 

C: 
c 

1 9 J (c) mmmm-^ ir-M^Y 

#.«^iSH|fr?Li(lfe*tlfJf&-Cife-:5T. SEDN ASil^?llz)5, t h 

(V) aft^-t-^^^^h, '>>^^<i:fe3o(^jjijffc (J) 

^^ite^ir^;^VhXtKii>*< t) locr^:^^ (C) 

::^y>^iE&7M(?>>/d:< i:*>io(7;)^e5«: (d) 
C^ir^^^>'b4"S-;^^, iS^Tg^SB (v) la^S-^ir:/^ 
^, (n) ^«Eit&T-tr^/^:/hitlXii» (j) 

h O^n y v;ft«afi^a£Tfc 6 r ^ *!|^« t ^» 
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t3fi«jg2 5j m^m (c) mm&'f±^}^yy 
\HtEi^,^^v^zfv>itiik-m^c^yMm (j) ftmsti 

[0 00 1] 
[0 00 2] 

[0 0 0 5] 



i:m{tLxmL^ct)im^^\mijit¥i:if'^ozk/)^^ r) 
\c.n\^xfit^mt^^tiitm:]^Ac^^ 

[0 0 0 6] (Biii:t») (Thomas) teJ:i5;«; 

^f- (Capecchi) . Cel U 5 1 , 5 0 3-5 1 2, 1 9 

8 7„ (Roller) *3 J:tK.X ^ i/— X (Smithies) 
IW. Natl. Acad. Sci . USA, 8 6, 8 9 3 2 8 

9 3 5, 1.9 8 9. :iC0,mi:l:JF#^ij|^{C*3tt6fflfim 

mt{zxz:>B 2 ^ ^ vj {Tjp y \j yj§iBi'mo>^mmt^ 

«§tXV^^), /t— v^V (Berman) EMBO, J, 

7, 7 2 7-7 3 8, 1 9 8 8 , ft t MgV H6P^4:t;i-0 
V>T^^L-CV>^)„ (Burke)^ff, Science , 2 3 

6, 8 06-8 1 2, 1 9 8 7»:^>r-^ ^(DAXlfeJfefc 
^*:-<^^$'-^roV^T«^^tr^^5. -^ftl^M^ (Garza) 

SciGnce , 2 4 6, 6 4 1-6 4 6, I 9 8 9:f3j: 
tJ'fy^y:K^y(y (Brown Stein)^, Science . 2 4 
4. 1 3 4 8-1 3 5 1, 1 9 8 9#HHc (Saka 

do) ^'n^^^Tirf])>mm^^^<7>if.^ik^p';^>h 

lwOV^T#i&L'XV^5o (rurckor)^, Proc. 

Natl. Acad. Sci . USA, 7 8, 7 6 8 4-7 6 8 

8, 19 8 1 l^-7^;^IgAm«ti-r-iid>^jlCov^-C<K^ 
UTV^<b„ -fyV^yy^^^y (Blanken Stein) 

>'^/^'(Kruwinkel) , Eur . J . Immol . , 1 

7, 1351-1357, 1 9 8 7Hvi>XC0Tir^fiiK 
^IStroV^-Cffl^SLTV^^n '^/t, e^3>r-^-(Joyner) 

Nature, 3 3 8, 1 5 3-1 5 5, 1 9 8 9, b 7 
(Traver) ^, Proc. Natl. Acad. Sci . USA, 
6 6, 5 8 9 8-59 •2^ 1 9 8 9tCj:T^/>*>"?^::^ 
(Panchis)^, Proc. Natl. Acfld. Sci . IJSA, 8 
7, 51-9-5113, 199 0#!!gc 
[0 0 0 7] 

[0 0 0 8] ;ico?gif:t, (:i) nm^^^^^^-f^) 
ySr^tM-C^/jJi/M (2) .^«^fe?$^nyy yffifi-TM 



(4) 
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ni'^^tf, &.± (1) teit; (2) 4r!|*Sti:i-5<>«) 

x.«rflijfi-f 2, - i: i oTff /j:^-Ji^5„ 
[ 0 0 0 9 1 

h * = Ki- 2> ite 7-Ii<OjSJft*5 J; u:, t.± 1* 
-Wtafr«ifO-|'y<S'^7', t^iip-h. IgA. D, 

fflL-^Sc i^l^ictsfjic, rJ'-y-^. tyi?,. 

'fjt. •^=i?;ti:'il^ttS-M«iJ.m« 

•rs-^^ibT. k>rol©*JJ:im^ffiyn>'y vit 



*fisSL#5^>7)6bfe;!)5-et 5„ >- hro^j^^'nt/y 

lo 0 1 oj 9^ajim-(^it. t htommaaxmrnb^ 

loo 1 1.1 rtV&CD«fe^lf«, #<<Oili«Jlc43»t5^S 

^JWffim, ^yy^:^Um-'iB'^mMn&m£k'(omM 
Ifi^ttSfe^fr 1 4 C0±(cab5o 5 ' - 3 ' j^lSj 

(VH) , (D) M*SafeT, •o-5^^TJStt (J 

H ) «a«^®^K^=•t5J:rJ{^3^ (CH ) 2SG-^fflfS"^tf, i 
wJte-7-«l<^^:^c # S 2 . 5 0 0 n ^^7. (kb) i a 

DJH Sr5i-f5„ -gEVH D JH j55i|£j^LTb*;tll, 
.1-^ y :^ t ^ >- b o v» r> j h ch 

Hitis r-i?<Ot»iti: ^ bT*,5„ IgH®fea^-0-^l^ 

X(±#*iK, 10 0 Okb-C&5o !^7^ff}B-mi&\C 
^>-7-®*.«lc5ri5rfiE»rf lglhu3Se7-lS54-WE. 

*&;|Jt?*5. 1 oifcf45S#|<o-i' >-7x ATgSfett: 
(YAC) ^ G-yO'jifi^felgHixsl^-T^g^-^^-ii- 
So " ©c: i:»ilgit5«tjif-M»coVNTt,R«6TS>2)., 
■o<3v^rJi^* li»*fcttiat^Y A C ^ n -- v^^- -.^ 

5, -©J:5lcbTt HgiS5r=-KtSI)NA77^ 
10 0 12] iC;45ia<Diftr7-<=-rw-fet(t:4:#5fc» 
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(Berroan) EMBO. J. (1 9 8 8) 
7:7 2 7-7 3 8), V y^T^i^z^^^y 

I -Not iSij|SH7 7^;^>^bf^fla>«r'7:>DSoJ:u!jMigt(^; 

10 0 14] r(7;h bDNASrgmLfcUPm:*mi}S*fc(l 

[0 0 i 5] ::tOt h:$t£$/rjyy yitfc^l^SrTf^-il 
5tfe-f *o<J:tj<# 2 •ocr>^^j-i:^^K--]r-^1^t> 2 ot7:>ig^}it^ 

^)^^ilsa^-DNA^•^s^A1-5l^w^fc•7^L-cv^5) , istt^m 

lF.*iU8S«rS^Mr>ffitet'33Af ^ r J: >p ^ oafi-?- 
[0 0 16] h7:/;=^jr--/-v'3 >'^^^^7::?^»:H:ia 



y^^ ^yVkWrn-^^ h J: *5 j«^>-r'5 c 
[0 0 17] ^:f£-tt^bcofc^^l::-^coa^^ McD^fe^ 

m-^ It D mm^ ^ } ^ i * r ^m-^^^ 

7tli-W$r1^tr«^4^$r«^m-t'5„ r <^»Ai^ 5 Obpy. 
±Xh 0 , C O ± 9 <i:»Afim^tt.m R NAOMf&i:^ 

ifeLTV^-^r t;d^M^U\ fiF*H/^/j^?>> ti3I^Wfi^«c 

[0 0 1 81 vw-*-3ee7«r/nv>-cc(7;> j^^as^srism 

\z v'-r ^ y ®^ '^j |g ;i t v ^o v ^ > 
h 7 7 .< y If G 4 l 8 W4 

lirm::*:^ 2 r o T V > ^ 5 [v5;ST $ 

^ ffl^^ T E < . w (7? fl W fl^/v^;;^ v' >- u 5/ ^ 
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fes ^ Kr -^-o i/K'*fi-5«S{a«:©:»c^ttH s V 
[0 0 191 ^ ^ ■b^^o-^—M'-^^mio'fitetmhyi- 

[0 0 2 01 tliNjag^;t©«j(UCzf?y^7«-^f-ai-> 
yrc{'->3>' (pcR) s.-ffiffi-e-^5o -twffi^fei^cci 

7^-2^2)5-^*^x5. lii:/,.i-cD»^, rntjOSMi'P^x 
ififtis?-« RN A5}?p ^ 7— eiiiSiKy-Ziif r> 

^^■> iifif 1 0 0kb5-i8;?:5^f 1 0 okbp 

hroAxa^ei,* (YAC) izcomfH 

( 0 0 2 .1 1 rcoissjiftifegjjaaL, /)--omi^.±i^(r>mii 

ONASr«Kfi*]Sflj!a(::ajA1-5M**)*;i5fi5ffi^c 



[00221 .tmoA'mtt^i'immm'i'mm^Bi- 

rig4r5gtA L#5„ tTJixA byt J; 9 tc««)^e rife t- 
(H-^-s ?&:-ii®^5 -T-ffi i IS) t:ts«c(c t h jt<K -7-0!. icit ^ , 

■?-»fe*^-wa&7-M©f)/:SJiB81-5V>»><t2,2Hfflit>t: 
>H'S±VH mmm. (V, D*>J;o?jffiij;iJ4:;^tr) 

Kthims kbp Pi UT. j;>) kti L < it'>/^ < t hm I 

Okbp »LTtg<ri;lrj:ip?&^jg/n:^y>afe.7. 

[0 0 2 3] mmmA.t.itit7>yj>.m.i2,?f.iici:*)^ 

±S(l't&;)5r■S^^«^*|ft^4^fe?S^^o:/y j/ h 4- 
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H2', CH3' :i/t(:tCH4' :£/tftr*xibc^ffi^5^t)"»tife)i 

)ttxi:fWO H 9/0 7 1 4 2; wo 8 9/0 
9 34 4^oJ;X/WO 8 8/0 3 5 5 9giR(i, H ft^O'A: 

A/fi: < '^(iJ^-S-t*^ fcJO a >f ^ 
[0 0 2 6] m^'mm'hWi^^*Mi'^t::i^V^y:^ 



[0 0 2 8] Bi^f^ibfetit m\^^:&m^^<o 

•^"P^. "yvV. ^Ji'^v Vtii}:a:>%mmm. ^ 
[0 0 2 9] 

[l^tfe«^)] 

(1) ^ftttft:-<^^-(7;)«^ 

•'^'^':=^:s«^Jae•7-*5<^:t)^B^^£E?lJ4r^t''6. 4kb e 

coR I y'y^;^yh^-^i3^ (Sakano) Nature 2 9 
0, 5 6 2-5 6 5, 1 9 8 l(C«&$tlTV^^7't2- 
>^^ffli^^TBal b/o •r!>;s5:B£yy 

{kuytpuc 1 9:77;^^ K (pmi)j) ici$A-f^. 4 

jSfe-f Sr'&t;2. 9kb:77^pt>'h^XhoT-ScaT 
v-^ -> V U' 5/ cf^ ^ yw^ ^ ^: ^- -^--^ja^ 

^-&t^ 1 1 5 ObpXho I-BamH l^yV/yh^plA 
C 1 Nco;!5>?3mW.i'5 (h-v:^ (Thomas) ^J;iK:*-< 
f- (Capecchi) ^ Cell, 51. 503-512. 198 
7) ^iijcr^7'^-Srr/;.')r^^:^''y Vhirfd-iBlLBam 

$:XboI-Scal pml) 6 J M'i'&LT. 5'75:»b3' 

i:T*j6Wrtift-<:^<^- (pniOfiJs Neo) ^fl^Kt 

[0 0 3 0] S;4i:Wlc«S-^nTV^5v>r h-r^iy^^ 

(Doetschman) J. Embryo 1. Exp. Morphol. 8 7.2 
7-4 5. 1 9 8 5) . ES*Pte^i5?flE 1 4TG2 a 

{y—y^" (Hooper) ^. Nature, 3 2 6, 2 9 2-2 
9 5. 1 9 8 7) ff^ 1 

4- -1 7 um\^^:t^-<i^>' hy y:^\^- ^-irJi^^-^^ 
(7):r;^ (tSE L'/Sipt :^(nc 5 7 h t./h rta:s}i:'(7)S£^^fbn0 

Sai'^) {=f:^7- (Gossler)^*, PNAS83, 906 

5- 6 0 6 9, 1 9 8 6), Zt\.h<rMSSS^nG 4 1 

(Boggs)^\ Ex.HcmatoJ. (NY) J 4 9. 9 8 8 

-9 9 4. 1 9 8 6t::m^=$nxi^^o ESSail&€rM) 
-f'y^mk t, 4 X 1 07 /m 1 JStf i ?i5 .t 'J (-i«3f 
««6(C!B5^LT;!)^b. ftlnwggS^-CUl 2 nMSIfitOD 
NA^^^ET^^ *fc3g2(7J35#-ei:J5nM DNAa^# 
;ft:f-C:r^Vi^ hPsKV— i/a i^i'-Sn 150'^250m 
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F (Dm^r 3 0 0 V(Dmf£f>^ 5 mmK-fc iDt \ () OmX Wf 

^-Lfc^^^rl (FBS) *5J:U?0. 

1 mM 2 - p* /U* h a: ^ / -/V^^fio 3 i^- 

j£^-^>'^J^f^l6 (DMEM) 0 0m''J'U--h^ 

[003 1] ^V:^ >P7KV— v-g 1 0-^ 1 4 H 

^♦C^i-f S K S=3n:::i— y^-fXy ^T(!{^V^ 

3 4«(^>^--;v^r^-^/ififeco.t^5>i£rJt^ 
0. 6m] PBS^^t?-X5/^:xK/U7f^:x->^}Ci^ 

U PCR(iJ:5ffl[^tljai^;tco^>Wlc<^ih5c PCR 

(Kim) ^3 J;TJ«;?^ ^ v'- (Smit 
hies) , Nucleic Acids Kes , 16, 8 8 8 7 8 8 9 
3. 1 9 8 8fC:Wr.istuTV^S„ ^W.^ V-fHtD^, ES 
»^5m l<^PBS(rS®U. ^f-^-^iCS 5;i 1 

(O*Sr:/J0x.r^«f ^„ ^f^=L^-:/4r9 5t;-ci 0^)^ 
APSft-rsr iriCj:|9DNas0 SrJfefS^-^^o 5 5^-C3 
0:^>[a:/n-7-r>"t— tfK-T^toSLfc^, #g?«¥%i3 0 
;i 1 $rPCR/^>>^:7r -^-t. 5/.g, au 

TAq^^y;^^-^, .1 0%I)MSO43<tt)?«-0. 2m 
d N T P) i:^ts 2 On I coKJS^rS^ifeSr^t-^.a 
PCRiiBl:3:9 6 5 ;^ /V-t^ v 

^^...:e1^>f >^^— ^jSv^x5 5f-Y^MT5o 2 o<;:>>^ 

-r-:^ ij =f5^ ^ U^f- K ; TGGaKJACCGCTATCCCCCACK; 
AC te<tOTArTCCTGGGTCCCTCCTTAC^fflV>^« rix?>i^# 

ommioxx^f^xm^Lo 3 ' -wu i o o&mo t:i^Ac 

h^'v^^:^ #:fr:i-5SEl^^j Icj^tM: L t vn 6. 

[0 0 3 2] [^Ji^2] KSaana'f'Ov^^y^lgS^j 

(1) ^iSttfL-<i^^-o#tSg 

UpUCl 8 (p JH) l^lWiAL/ti. 

V J <fc Otpma^U ^1?^ t/ « . 1 kb 

EcoR I >- h^rXKo T$5J-.L;:Nao 1 "eJ^fbL4 

itfc (ga2 (A) #Ha) o BanH UlSffi^iptUfLL. ^ 

/p^T. v- >^ 7" V ^ 5? >f /I. >^ ^ ^ i; y ^ ^-if iSfii *f ■ 
(HSV-tk) yn^-:5^— 43J:y^/K!;p^-v^l>'/^ 



>i^'-«r'^?>*^ 1 . IkbpXhoI-BamU I 7^^^:^ 
h$:pMClNeo;d^?>l^8iUfc (V-^y^ (Thomas) 
(Capecchi) , Cell, 51, 503-51 
2. 1 9 8 7) . Ccr):7^^>^^S^XhoI-NaeI>te 

6 J. 02,(3) M) , rixlt;^;d-^^i.:/*5j:x;s 

®<27'0 5'*5j:ut3'{Ri|icffi|ai-5jK;2. SkbpfcJ: 
WJI. Ikbp fT*)So (2) ES«c7; 

KS«^^JE.1 4TG2a (ny^- (Kollor) i^XX3^ 
;=^^>—X (Smithies) J 9 8 9, PNAS, USA, 

8 6. 8 9 3 2-8 9 3 5) Sr«'i!f $nrv^:&:frffi"C•'^ 

^^«tfc (n^- (Roller) iSilJ^y^ ^ ^^^-X (Smthi 
es) 1 9 8 9, PNAS, USA, 8 6, 8 9 3 2-8 

9 3 5), E smVd^' h !; :?^'>'>*LL^.U 2 X 1 <f / 
m J £DSS-r*HBS/<y77 (pH7. 0 6. 1 3 7 mM 

NaCl, 5mM KCl , 2mMC?iCB , 0. 7raM Nu 

2 HP04 , 2 ImMHEPES p}17. D lrSS^L 

xt^h. umtLfz-^mmt-^p^-bo ,i g/m i # 

3y\-X2 4 0V^ 5 0 0m F^i^^T. ^W::*-7 3/K 

h n 7K 3 1 5 % 9 i^S&!e!iaf&*5 i: 0 . 

1 mM2-^;U;t;Th3i^y^-;u^^^f^^;vy3^^jj: 
-f-//WJSJfe (DVTEM) 4r-&t;M OOniiD./U-"ht^(J:) 

V-^S^L-ZSu -"^l^^ ^^xKW-^'3^-;!)^lb2 4B$Sl^i$«S 

^2 00 fi g/ro 1 G4 1 a^-jlft^jftiatii^L:^, 

^U^/ hn7KV-v^gy;0^e>l 2--! 4 0^,*CfcG4 

1 8itt*.ES3nx— Sr^^^-t'ir^y— tf-^>;/ b-^KV^^t 
"P^Ky^y— ^f^rc-vyr^i^s^- (pgr) $:/f}V^ 

fe^ L/t:femi}a^&i^t? 2 4 ^ <7># r> x;wci^ 

Uyhc 4 0(7:>y^-/i.Sr-&-^yS:'t> 5-t-^(?:)=in::i--ttO. 

3 m 1 CO P B S ^-g-t?^ ^ ^ - (C^ L, 
v^a^"^- (Joyner) ^ (Nature, 3 3 8, 1 5 3-1 

5 5, 198 9) l^J:or^fedh./iA-Se-CPCRi>Sf 
f\n^mtmM^i:mM\.it. r op c RSiSftiwfts 

2 0fi[<TMmm^. I nM<D^':fy4'<^-. 1. 5 
u Tagi tOJ ;Ay^-^t6j:XJ^2 0 0 tiM dNTPfi^-^ 
^-fiTv^^o PCRJaffirj:9 4t^^IHlco>/^^^>' 
;/, 5 5t;2i>fffl(7:>T^-y Vir:loj:Df7 2t:, a^^ffl 

cOj$g(0^fcf4--C*^>-vyVf-^ ^ (/^^--rJIrV:!:/^-^- 
i^-^;^) 4rJfiv^4 5i^-r :^^;i4Tofco 2oc7;)^7^''v 

y ^ U:^-^ KiOSi^(JllACGGTATCGCCGCTCCCGAT 
^3 J: C^AGTCACTGTAAAGACTTCGGCTA 'C A> I? , C tv * 
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>f.l7i;Lrv^5. ffilMlMm;<.;^5aw'5^jS(tjl. 4kbp o:>y 

yir:^v\ m^.m-^h,, 2 0 M 1 <^>UXM^m^ 1 %r 

I-Pstl 77^>>^h-Cttiofc (l^2#l!3) , 
[00 3 31 (3) G4 1 8itttES3pn--c05>;^ 

7- y p c R v'i/'^/v^^^tfeW :r co7)^:;^7^-y -/^ 

-/Vir^^-t 5 4 4^(7.) 3 n PGR L. 

g^T^g^fj^xfca 4 O^giOG 4 1 8»|?l:=iDn--(7);J>t^f-C 
^f;i::4#|<7:)^ix^-7^:/^'n-;^;6n6l3E^^n?t (ES4 
1-1. ES6.t-K ES6 5-K ESI 10- 
1) . 

[0 0 8 41 S6<Ji:t^ Jlie^^OlOCDne-c^^ffi 

y A O N A 4r9SiK® M ind 1 11 ^ >t S ca I TrH^b L X 
EcoR I -Pst 1 7^'^-:/Srffll^/c•t^f*>'^>rfTfl¥^ff t 

[0 0 3 51 *Er&lJ^mx.(rj;5^>^-^^e/:^]i{iV'fc';>l¥ 

mmm^^h%mfiyy'/:^ >' b <t ^ i . 9kbp 

Sl^EcoR I-Pst I 7'n-:/T^fflb^5Hind ill 
yy^i^'yV-h^^m-^^ (123 2 (C) . Hind 11 

m^^ti/c. io»^[^i:^j^-c7fetoa*ieiia4''*c#?t^-;5t> 
ioi:i*-jii^.«rf|c#fci-5t<^;<k^ m 

2. 3kbp ) r^j^/Ji^PCR/J^^t^^"^ 

h li P c R 7Ki;?"7 ^ n "^(o;^^ ic#<ir Ltfi|i^Si«^xi 
tr<i:o-cfm$n5f-'<x (jf^j4. 2kbp)(0^><;refc 



VNEcoR I -Pst T 'f^-'f^)m'^mf^yy^j^>Y 
(r>\mM^^h m2 (C) ^fW) , Sacijfiibi-J:^ 

lof^HW<05^it®<K7-<7>T'ffiSti5/N"i?--y4r^L 

^»]4, OVhp o)yy^;iy\^^ )si:V^mm^^nft^r2 
coiPjS. 4kbp (7;):7'7^^>'h/j5asmL/;:o 

/W:?'y^-f-fef-C/ 3:^(111 ind Ili:^oJ:UfSac { m<t 
f>^h±T^^^4. 2kbp ^oJ:U«3. 4kbp (^^^^7^ 
V K H W coi^fe tc J; o T^t$ dc j: 5 <^ :/n 

[0 0 3 61 VMi&m's] ^^^ici^n^^'p^'^m 
(1) vr:7 7.iEM<'v.(DH6<jc?:»Es»iiia<7)iaiAfcJ;u^^ 
•Ti>;'^i:ti;?-^r^^y^^^;3(7 b)J— X ^^-^ m 
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